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I.  INTRODUCTION 

The only advance in barrel wear reduction since the Second World 
War work on erosion1 has been the wear-reducing liner. The original wear- 
reducing liner was invented in Canada^ and is composed of a high-density 
polyurethane foam glued to the wall of a cartridge case.  Soon after the 
US adopted the polyurethane foam in high-velocity tank guns, Swedish 
inventors devised a liner made from a 45/55 percent by weight blend 
of Ti02 and paraffin wax3. The Swedish also modified the configuration 
of the liner by cutting flaps that were folded over the propellant at 
the projectile base. Figure 1 depicts each liner in the 105 mm M115B1 
cartridge case to illustrate how the liners are loaded and to show the 
flaps the Swedish inventors devised. 

STANDARD  POLYURETHANE LINER 

1. LARGE POLYURETHANE (.087 kg) 
2. SMALL  POLYURETHANE (.027 kg) 
3. GLUED 

STANDARD TiCyWAX LINER 

1. TiOs/WAX WITH FLAPS (.141kg) 

Figure 1.    Configuration of Wear-Reducing Additives 

"HypevveloGity Guns and the Control of Gun Erosion",  Summary 
Technical Report of Division 1,  NDBC,   Volume I3  Washington,  DC,   1946. 

2 JL.  A.  Dickinson and D.  E.  McLennan,   "Improvement of the Firing 
Accuracy and Cost Effectiveness of Guns Through the Use of Urethane 
Foams",  J.   Cellular Plastics,   1968,   184   (1968). 

'S.   Y.  Ek and D.  E.  Jacobsen,   "Engineering Study of Barrel Wear-Reducing 
Additives",   Wegematic Corporation Report,  Part A,  May  1962. 



The relative performance of the two additives is shown in Figures 2 
and 3. Polyurethane foam increased the wear life from 100 to 400 
rounds4; the Swedish additive yielded a wear life of 10,000 rounds5.  In 
addition, the Swedish additive provided better downbore protection, 
especially at the region of secondary wear seen in Figure 3 with 
polyurethane foam. 

The surprising difference between the polyurethane foam liner and 
the Swedish additive prompted work to discover why the Swedish additive 
was so effective. Two differences were evident, the flaps and the 
metal oxide, Ti02, which might form an insulating residue.  This 
speculation arose from the APG tests with Swedish additive in which a 
residue composed mainly of Ti02 was removed from the M68 cannon and 
analyzed. Table I compares Swedish additive and the residue. 

0 

M392A2 

M392A2 (Ti02 WAX) 

100 200 300 400 
APD5 ROUNDS FIRED 

500 600 

Figure 2. Erosion vs Rounds Fired for APDS Rounds 

R.   Wolffs   "Reduction of Gun Erosion - Part I.     Laminar Coolant", 
Piaatinny Arsenal Technical Report No.   3069,  May 1963. 

R.   0.   Wolff,   "Reduction of Gun Erosion Part II.    Barrel Wear-Reducing 
Additive",  Picatinny Arsenal Technical Report No.   3096,  August 1963. 
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Table I.  Composition of Swedish Additive and Bore Residue 
Recovered from Gun Firing Swedish Additive 

Swedish Additive, percent by weight Residue, percent by weight 

Ti02 46.0 Ti02 77.4 

Wax 53.5 Wax 7.1 

Dacron Staple  0,5 Silica 2.6 

Stearyl Alcohol [1.0 maximum) Inorganic Residue 7.7 

Cloth: Viscose Rayon Organic Residue  5.2 

Change in heat input to the barrel was the technique applied to 
discern factors influencing the efficiency of the additives.  Brosseau 
and Ward noted in the 37 mm gun6 that the flaps enhanced the efficiency 
of the polyurethane foam and the Ti02-wax liner. When both liners were 
placed in the same configuration, heat input was equivalent.  To separate 
any influence of bore residue, a "clean-out" round, i.e., a round with 
no additive, was fired after each round loaded with Ti02-wax.  Calspan 
investigators^ showed an insulating deposit was forming in the eight- 
inch M201 cannon when successive shots were fired with Ti02-wax additive. 
Brosseau and Ward8.9 extended this to the 105 mm tank cannon.  They 
showed that the flaps enhanced heat input reduction for the polyurethane 
foam and the Ti02-wax liner; they also fired Ti02-wax rounds successively 
until a minimum heat input was reached.  The results are summarized in 
Table II.  Figure 4 plots heat input vs^ wear which suggests the insulating 
residue is the principal factor contributing to the 10,000-round wear 
life for Swedish additive. 

T.  L.  Brosseau and J.  R.   Ward,   "Reduction of Heat Transfer to Gun 
Barrels by Wear-Reducing Additives", BRL Memorandum Report No.   2464, 
March 1975.  (AD#B003850L) 

7 F.A.   VassallOj   "Heating and Erosion Techniques Applied to the Eight- 
Inch Howitzer",   12th JANNAF Combustion Meeting,   Volume I,   CVIA 
Publication 27S,  December 1975. 

Q 

T.   L.  Brosseau and J.  R.   Ward,   "Reduction of Heat Transfer in the 
105 mm Tank Gun by Wear-Reducing Additives",  BRL Memorandum Report No. 
2698,  November 1976.  (AD#B015308L) 

9 T.  L.  Brosseau and J.  R.   Ward,   "Measurement of Heat Input into the 
105 mm M68 Tank Cannon Firing Rounds Equipped with Wear-Reducing 
Additives",  BRL Technical Report 2056,  April 1978.  (AD#A056368) 

10 



Parallel to the conduct of the heat input experiments, Army 
attention focused on the cause of the secondary wear. The accuracy 
of the armor piercing, discarding sabot round was affected adversely 
by the secondary wear with the result being the condemnation limit was 
dropped for the M68 tank cannon from 1.9 mm to 1.4 mm wear.  Ward 
deduced that the secondary wear was caused by the reduced efficiency of the 

Table II.  Correlation Between Heat Transfer and Erosion in 
the 105 mm Tank Gun Firing the M392 Projectile 

Additive Heat Input, J/mm Erosion, pm/round Reference 

None 449 18 4 

Polyurethane 416 4.1 4 

Ti02-wax (flaps)- 381 -- -- 

single-shot 

Ti02-wax (flaps) 348 0.18 5 

repetitive fire 

*Heat input measurements described in reference 9. 
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additive downbore  .  Figure 5 compares the wear per round in the M68 
cannon firing rounds without additive and polyurethane foam. The 
polyurethane foam is most effective at the commencement of rifling, 
but the efficiency drops downbore leading to the secondary wear peak. 
Figure 6 plots percent wear reduction v_s distance to illustrate this 
point. The secondary wear is present with the TiC^-wax liner, but it 
is not a concern because the wear rate downbore is so slow as evidenced 
by Figure 3 that the 1,000 EFC rounds the M68 can fire before condemned 
for fatigue is reached long before the secondary wear poses a problem. 
Brosseau and Ward showed successive firing of Ti02-wax rounds reduced 
heat input downbore as well8.  Hence, the secondary wear should be 
much worse in the M68 tank cannon firing Ti02-wax rounds if the 
residue does not form.  Since the Ti02-wax round with flaps is still 
better than polyurethane foam, the secondary wear for Ti0--wax, no 
insulating residue, should be less than polyurethane foam, but worse 
than repeated firings with TiO^-wax. 

The foregoing discussion has shown that if one could measure the 
erosivity of Ti02-wax without the insulating layer, one could test the 
hypotheses derived from heat input measurements, namely 

a. the wear predicted based on the heat transfer correlation will 
be 0.8 ym/round and, 

b. the secondary wear will be more severe when the insulating 
residue doesn't form. 
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10 J.  R.   Ward,   "Proposed Mechanism for Secondary Wear in the M68 Tank 
Cannon",  BEL Memorandum Report No.   25573  November 1975.  (AD#B008040L) 
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To measure the erosion without the residue, one need only continue 
repeating the sequence TiC^-wax APDS round followed by a HEP round until 
measurable wear takes place. This report summarizes the results of 
such a test. 

II.  EXPERIMENTAL 

The test was done with standard 105 mm M392A2 projectiles and M467 
target-practice projectiles as the clean-out rounds. The firings were 
performed under the auspices of Clyde Musick of the Materiel Testing 
Directorate (MTD), Aberdeen Proving Ground. The MTD report11 covers 
ammunition lots used, firing schedule, and muzzle velocity and chamber 
pressure taken at the start of the test for each round. 

The M68 cannon had fired previously twenty rounds during sabot- 
development testing. An in-bore malfunction damaged lands downbore 
during the sabot tests; the damaged region (3.886 to 5.105 mm RFT) was 
well past the region where the augmented bore erosion was postulated to 
occur. 

III.  RESULTS AND DISCUSSION 

The individual stargauge reports are collected in the Appendix. 
Table III summarizes vertical land wear at 641.4 mm RFT (25.25 inches) 

Tabl e III. Vertical Land Wear at 641 .4 mm RFT vs Rounc 

Tube Rd No, Test Rd No , 
Diamet 
Wear, : 

er 
mm Wear, mm 

20 0 0,13 0 

120 100 0,20 0.07 

320 300 0.46 0.33 

380 360 0.58 0.45 

540 520 0.86 0.73 

620 600 0.84 0.71 

720 700 1.02 0,89 

820 800 1.04 0,91 

920 900 1.17 1,04 

1220 1200 1.37 1.24 

11 
C.  Muszak}  MTD Report in preparation. 

14 



Since six hundred HEP rounds should produce only 0.08 mm (3 mils)  wear, 
the preponderance of wear in the test is due to the APDS round without the 
benefit of the insulating residue. Shown in Figure 7 are curves comparing 
the erosion caused by the APDS round minus the insulating residue, the 
APDS round with no additive (M392A1), the APDS round with polyurethane 
foam (M392A2), and the APDS round with Ti02 wax. As predicted from the 
heat transfer measurements, the round with polyurethane foam still 
produces more wear than the APDS round with Ti02-wax flaps without insu- 
lating residue. A corollary to this observation is that placing flaps on 
polyurethane foam will decrease erosion, but the polyurethane foam will 
never provide the protection afforded by repeated firings of rounds with 
Ti02-wax additive. 

The downbore wear produced by the 1200 APDS and HEP rounds is 
illustrated in Figures 8 and 9 along with wear profiles for the APDS round 
without additive and with the two standard additives. As anticipated, the 
secondary wear is greater when the insulating residue is removed providing 
credence to the earlier hypothesis10 that secondary wear is related to 
the relative effectiveness of the wear-reducing additive. Again, the 
secondary wear for the combination APDS-HEP rounds is still less than the 
secondary wear for the APDS round with polyurethane foam. 

Although the wear for the APDS-HEP round is still less than the APDS 
round with polyurethane foam, the wear for the APDS round inferred from 
heat transfer vs wear in Figure 4 would be 0.9 ym/round. On the basis 
that the wear from the APDS and HEP round can be decoupled, the APDS wear 
is 1,16 mm in 600 rounds after subtracting the 0.08 mm wear for 600 
HEP rounds. This is a wear of 1.9 pm/round, considerably higher than the 
0.9 pm/round from the heat transfer correlation and well outside the 
error for the other three points. This can be further illustrated from 
a semi-log plot of wear vs heat input in Figure 10 where one sees the 
1.9 ym/round for the 381 J/mm heat input of the APDS (Ti02-wax) with no 
insulating residue falls well outside the correlation for the other three 
points. 

An alternate explanation is that the wear for the APDS and HEP 
rounds cannot be decoupled.  Instead, the wear for the 1200 alternating 
APDS-HEP rounds is more severe than the total expected from 600 HEP and 
600 APDS eliminating the insulating residue. Some evidence for such 
synergism is found in experiments by Niiler and co-workers on the oxygen 
concentration profile on steel exposed to combustion gases13'^ 

12 
L.  R,  Neallt/s   "Development and Engineering Tests of Cartridge,   105 mm, 
M393E1,  HEP-T and TP-T"t  DPS Report No.   46Z3  June 1962. 

12 
A.  Niiler,  J.   E.  Youngblood,  S.   E.   Caldwell,  and T.  J.  Roak,   "An 
Aoaelerator Technique for the Study of Ballistic Surfaces",  BRL 
Report No.   1815, August 1975.  (AD#A016899) 

14 
A.  Niiler and R.  Birhnire,   "Composition Changes in Gun Steel 
Surfaces Due to Erosive Vropellant Bum",  Proceedings of the Tri- 
Service Gun Tube Wear and Erosion Symposium, Dover, NJ, March 1977. 

15 
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Figure 10. Correlation Between Wear and Heat Input for 
APDS Rounds with Additives 
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Table IV summarizes results for propellants with three flame temperatures, 
One sees the propellant with the higher flame temperature and concomitant 
higher wear also has the lower oxygen content left on the steel nozzle. 
This suggests the oxide layer is not as resistant to the hot, flowing 
gases as steel, since the M2 propellant gases should be as oxidizing 
as the gases from Ml propellant.  Firing a HEP round with Ml propellant 
may condition the barrel so the next round with M30 propellant will 
produce more wear than when only rounds with M30 are fired.  To demon- 
strate this conclusively, one need fire rounds without the complication 
from the insulating residue.  Such a combination might be alternate 
firings of APDS rounds with polyurethane foam and HEP rounds. 

Table IV. Oxygen Concentration Profiles on Steel Exposed 
to Propellants with Different Flame Temperatures 

2      -1 fi 
Oxygen, atoms/cm , x 10 

9 

17 

34 

IV.  CONCLUSIONS 

1. The superiority of the Ti02-wax liner vs the polyurethane 
liner in the M392A2 APDS projectile arises from the deposition of an 
insulating residue on the bore surface as well as the presence of flaps 
on the TiCL-wax liner. 

2. The heat transferred to the gun barrel can be used to infer the 
relative efficiency of a wear-reducing additive. 

3. Secondary wear with the M392A2 projectile increased dramatically 
when the insulating layer was not allowed to form.  This suggests 
secondary wear arises from the relative efficiency of the wear-reducing 
additive at the commencement of rifling vs^ downbore protection. 

4. The wear from an APDS round appears higher if the APDS round 
is preceded by a HEP round than by another APDS round. 

Propellant Flame Temperature, K 

M2 3375 

M30 2994 

Ml 2480 

20 



REFERENCES 

1. "Hypervelocity Guns and the Control of Gun Erosion", Summary Technical 
Report of Division 1,  NDRC, Volume I, Washington, DC, 1946. 

2. L. A. Dickinson and D. E. McLennan, "Improvement of the Firing 
Accuracy and Cost Effectiveness of Guns Through the Use of Urethane 
Foams", J. Cellular Plastics, 1968, 184 (1968). 

3. S. Y. Ek and D. E. Jacobsen, "Engineering Study of Barrel Wear-Reducing 
Additives", Wegematic Corporation Report, Part A, May 1962. 

4. R. Wolff, "Reduction of Gun Erosion - Part I.  Laminar Coolant", 
Picatinny Arsenal Technical Report No. 3069, May 1963. 

5. R, 0. Wolff, "Reduction of Gun Erosion - Part II.  Barrel Wear-Reducing 
Additive", Picatinny Arsenal Technical Report No. 3096, August 1963. 

6. T. L, Brosseau and J. R. Ward, "Reduction of Heat Transfer to Gun 
Barrels by Wear-Reducing Additives", BRL Memorandum Report No. 2464, 
March 1975.(AD#B003850L) 

7. F. A, Vassallo, "Heating and Erosion Techniques Applied to the Eight- 
Inch Howitzer", 12th JANNAF Combustion Meeting, Volume 1, CP1A 
Publication 273, December 1975. 

8. T. L. Brosseau and J. R. Ward, "Reduction of Heat Transfer in the 
105 mm Tank Gun by Wear-Reducing Additives", BRL Memorandum Report No. 
2698, November 1976. (AD#B015308L) 

9. T. L. Brosseau and J. R. Ward, "Measurement of Heat Input into the 
105 mm M68 Tank Cannon Firing Rounds Equipped with Wear-Reducing 
Additives", BRL Technical Report 2056, April 1978. (AD#A056368) 

10. J. R. Ward, "Proposed Mechanism for Secondary Wear in the M68 Tank 
Cannon", BRL Memorandum Report No. 2557, November 1975.(AD#B008040L) 

11. C. Musick, MTD, report in preparation. 

12. L. R. Neally, "Development and Engineering Tests of Cartridge, 105 mm, 
M393E1, HEP-T and TP-T", DPS Report No. 463, June 1962. 

13. A. Niiler, J, E. Youngblood, S. E. Caldwell, and T. J. Rock, "An 
Accelerator Technique for the Study of Ballistic Surfaces", BRL 
Report No. 1815, August 1975. (AD#A016899) 

14. A. Niiler and R. Birkmire, "Composition Changes in Gun Steel Surfaces 
Due to Erosive Propellant Burn", Proceedings of the Tri-Service Gun 
Tube Wear and Erosion Symposium, Dover, NJ, March 1977. 

21 



APPENDIX 

STARGAUGE MEASUREMENTS 

23 



■  ENGINEERING MEASUREMENTS AND ANALYSIS DIVISION 
PHYSICAL TEST BRANCH REPORT 

NO. 77-L-63 

STEAP-MT-G Date of Test: 26 Sep 77 

Title Measurements of 105 MM, M68 Cannon Tube SN 24850 (Special)  

TECOM Project Title Product Improvement Test Cartridge, 105 MM, M735 

TECOM Project No.  l-MU-001-735-008     W. 0. No.  445-92777-93 

Conducted for Mr. Ruff, Artillery Ammo Br       

Reference TM 9-1000-202-14, MP 750-1  

OBJECT OF TEST: 

To inspect and identify those conditions which may ballistically effect 
the cannon tube operation or personnel safety in accordance with 
TM 9-1000-202-14. 

INTRODUCTION: 

105 mm M68 cannon tube SN 24850 (Special) after firing 20 rounds was 
submitted for determination of its physical characteristics, 

PROCEDURE: 

1.  Chamber, Bore and Rifling Diametrical Measurements: 

a. The chamber and centering cylinder were diametrically measured 
using a vernier stargage equipped with a 120° spaced three point measuring 
headt  The gage vernier was adjusted to coincide with a 5.000-inch (127.00 mm) 
ring gage for the area between .10 inches (2.50 mm) and 18.40 inches 
(467.36 mm) from rear face of tube (RFT) and a 4.400-inch (111.76 mm) ring 
gage for the area between 21.85 inches (554.99 mm) and 24.05 inches (610.87 \:m) 
from RFT.  The measurements were taken with the points in a 2-6-10 o'ci-ock 
position and again with the points' in a 4-8-12 o'clock position.  The 
vernier stargage measurements added to the respective ring gage diameters 
were taken to be the actual diameters of the chamber. 

b. The main bore was diametrically measured using a vernier star- 
gage equipped with a four point head having two measuring points spaced 180° 
apart.  The gage vernier was first adjusted to coincide with a 4.134-inch 
(105.00 mm) ring gage for measurements across the bore and secondly to 
coincide with a 4.224-inch (107.29 mm) ring gage for measurements across the 
rifling between 25.10 inches (637.54 mm) and 210.25 inches (5340.35 mm) 
from RFT.  The measuring points were locked into position, using a guide 
plate at the muzzle, in such a manner that by following the rifling twist 
to the commencement of rifling the measuring points were located in a 12-6 
o'clock position for the measurements, in turn, across the vertical bore and 
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rifling.  The measuring points were then rotated 90° from the vertical 
position at the muzzle and by following the same procedure as previously 
outlined the measuring points were located in a 3-9 o'clock position for 
the measurements, in turn, across the horizontal bore and rifling.  The 
variations from the basic diameters were shown on the gage vernier in 
+.001-inch (.0254 mm) increments. 

c.  The bore diameter was measured in a vertical and horizontal 
plane at 25.25 inches (641. 35- mm) from RFT using a 105-mm pullover vernier 
gage having a basic diameter of 4.134 inches (105.00 mm). 

2.  Detection of Defects: 

The complete bore was visually inspected using a white light bore- 
scope to observe for heat checking, erosion, scoring, damage, cracks, and/or 
other defects. 

TEST RESULTS: 

1. Chamber, centering cylinder and main bore .10 inch (2.50 mm) to . 
210.25 inches (5340.35 mm) from RFT. 

a. The chamber, .10 inch (2.50 mm) to 18.40 inches (467.36 mm) 
from RFT and centering cylinder 21.85 inches (554.99 mm) to 24.05 inches 
(610.87 mm) from RFT, measurements are shown in Appendix I. 

b. The main bore measurements 25.10 inches (637.54 mm) to 210.25 
inches (5340.35 mm) from RFT are shown in-Appendix I. 

2. Pullover vernier gage measurements 25.25 inches (641. 35 mm) from 
RFT. 

a. The pullover vernier gage measurement 25.25 inches (641. 35 mm) 
from RFT showed a bore diameter of 4.141 inches (105.18 mm) vertically and 
4.140 inches (105.16 mm) horizontally. 

b. The vertical measurement at 25.25 inches (641.35 mm) from RFT 
as compared to the 105 mm M68 wear pattern chart (life remaining) showed 
a remaining wear life of 93%. 

3. White Light Borescope. 

Complete borescope remarks are shown in Appendix I. 

CONCLUSIONS: 

1.  Stargage Measurements: 

a.  The chamber and centering cylinder measurements showed a normal 
diameter for a 105 mm M68 cannon tube. 
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b.  The main bore measurements showed a normal wear pattern for 
a 105. mm M68 cannon tube between 25.10 inches (637.54 mm) and 60 inches 
(1524 mm) from RFT.  The measurements of both the bore and rifling between 
60 inches (1524 mm) and the muzzle showed enlargement indicating scoring 
and abrasive wear, 

2.  White Light Borescoping: 

The tube contained damages to the rifling between 153 inches 
(3886.20 mm) and 201 inches (5105.40 mm) from RFT.  These damages consist 
of rifling stripped and flattened.  The damages in conjunction with the 
irregular scoring and abrasive wear would adversely affect the obturation 
of any type of projectile fired and thus adversely affect the ballistic 
operation of the tube and the safety of operating personnel.  It is therefore 
declared "Hazardous" and stencilled in accordance with MP 750-1. 

1 Incl 
Appendix I - Chamber, Bore and Rifling Measurements Data and Borescope 

Remarks 

SUBMITTED: 

C\ 4' 

J. V. MCWILLIAMS, III 
Measurements Section 

REVIEWED; 

K. A. JONES 
Chief 
Measurements Section 

APPROVED: 
>^ / 

mu m fc> 

R.   L.   HUDDLESTON 
Chief 
Physical Test Branc :h 
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Table 1, 105 MM M68 Cannon Tube SF 2A850 (Special) Chamber 
Diametrical Measurements after 20 Rounds 

GtUGt    MySUjtMtllTj    IKOICATtO    IN    1/1000   OF    M    IKCH 

APPENDIX  I 

27 



STEAP-MT-G 
Report No. 77-T-63 
Sheet  2  of  3 

Table 2.  105 MM M68 Cannon Tube SN 24850 (Special) Bore 
Diametrical Measurements after 20 Rounds 
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105 MM M68  Cannon Tube   5H  24850   (Special)   Borescope 
Remarks  after  20  Rounds ■ 

not measured. Borescopedi   (Not Chrome Plated) 
Light scratches,  stains,  carbon and other depoalta thru-out chamber and 

ma^n be re.—Bg PieZQ RRgg holes drlUed in chamber.    One at  1/..37"  from rr.^r 
face Of tubfl In  t.hfl   1QtQQ n'cloek arfta imci  on» at 20*^!!   from   rBFT)   in  thfl 
Zl2Q o'clgck ^r9a«   LiRht erogion and scoring encircling both holes.    Two 
piezo gage holes drilled in bore.    One at 28"  (itFT)  in the  10:00 o'clock 
ar<?a and one at 38"   (RFT)  in the 2;30 o'clock area.    Light heat checking on 

edgftB whRm hnlpn arn riHIIpd thm the Inndn. Light heat chacklng fnrlruling 
non-rifled portion of forcing cone and extending fojvard to 60"  from (RFT). 
Any further heat checking obscured by carbon depoaito.    Very lip.ht eroaion 
encircling forcing cone area.    Edpes of lands lightly rounded  to 75"   frem 
IfiElL—Moderate erosion a.nd acorin? gncircling bore evacuator holea.    T'.ihp 
contains damage to  18 lands in the  11;00 o'clock area between  153"  and 201" 
from (HFT).—Daraapew ronaiat of lantla-haing attlpped And tiattanecL   Tube r^ 
CQntalna...mQdflrftt.B acorlnr and abraFiive year on lands and  in  thfl gmoven  
between 60" from (RFT^ and thfl nmszle.   
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EAR  FtCC 
if  BREECH 

 OIST<ffiE (JwnAiirTuSTT* 

32,05 
31.00 
30.00 
29.8g 

26.hO 

22.00 
2Q.QQ 
18.CX) 
16.QQ 

-UuQQ. 
J.2.QQ 
JJl^Q. 

9.QQ 
g.-tt 
iL2l 
0.1Q 

MU2UC 
FACE 

166.^ 
187.$0 
188.^0 
188,6? 

192.10 

196.^0 
198.$Q 
200.^0 
202.^ 
ZQiuSQ 
2Q^ia 

IE**  FACE 
OF  TUBE 

ZiufiS 
^JUOQ. 
22.00 
2;,6$ 

16.hO 

^.oo   5.06? 

10$ MM Tuba M68 

BASIC 

ouunco 

^hi6 
lukai 
kshlL 
yjg 

l4.?77 

12.00.. 
10.00 
JUSL 
6.^0 

206.50 
k.00 

209.50 
210.50 
2X0.25 
21Q.hQ 

2.PQ 
1.00 
-A&L 

^21 
^10. 

5.105 
5.1h5 
5.185 
5.225 
5.265 
5.305 
5. .32.5 
5.335 
5.3li0 
5.3h.3 

ZERO 

-HQII 

±-D^8 

»A 

QAUSE   MEASUREHEIITS 

CHAMBER 
Q.pO" to gli.9^ 

CAUSE 
RCAOINt 

30 
JiO 

trOMl 

10212 

nn 
5a i 

TITO 
3& 
JS3& 

-^ M 
i 

+.AIS 

ACTUAL 

DIAMETER 

-oicmo   IN   1/1000  OF  AN   IKCH —mwmr-r 
DIFFERENCE 

M.MH -V.om 
iL5o 

i y^ 
-VT0 0 3 

lOj 

S^l 
g E 00^ 

^J 

US 

« 

^3 ^ 
no 

u2^ 

-4 

3 
^5: 

JSM 
2£R 

4 

CAUSE 
REAOKa 

-v^oin 
^a 
^D 

-i-.om 

s 202C 

•f.oy? 
0 
S 
53 
IS 

3-25 
-31' 
3i^ 

SZHS si 
^■^HgHrOO 5 

_S^ ss 
£ M 

ACTUAL 

C/IAWETCR 
BiFrErsiicc 

ium 
iiaa 

■ HMO 
235: ±,PQ^ 

33155^ zam 
iSaaQ SE7 g 
AMI1 

^ot>\ 
J3 
_3 

u 

Zl 
^ 
5 

gic 
asa 

ZSa 
iT^Oi 

$ 

-^S5 
^2S 
ZM Q 

S^Si^SMg 

TOTAL   LENOTH   OF   OUH 

TOTAL LENGTH OF TUBE 

OEFTH OF BREECH RECESS 

218.$0" 

210.50" 
8.00" 

ma a wiAMmm- 
ACTUAL 

£4 QxSB 

ROTATION OF TUBE AT BREECH 

NOVENENT OF TUBE AT BREECH 

NUMBER OF LANDS AND SROOVES 23 

ACTUAL 

s=a 
Inspection Remarks;    Areas frcro 18.50" to 21.75"  and 24.17 to 24,9V1 were 
not measured.  

_ . STAMPED   , 

RODMAN 

RECORDER 
O.Tct^k 
-^■CLVa^K 

STARGAUGED   MO   INSPECTED  BY 

TIME 

PLAC£ 5*'^S" 

REVIEWED  BT 

COMPILATOR 

GRAPHED  BY 

V o 

•b 
^ 
i'\ 

i 71 
0) 

0 1. 
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? 
CD [/> 
CO r» 
9J 7^ 
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' I s. fC* ^ 3 

ca 

c 

OC 

IT) 

o 

i 
sic- 
^ CO 
3    i 

to 
CO 

to 

* 
o 

INSPECTION REMARKS 

(PT-IOP 750-1) 
HOKESUOFEU:   (Not  chrol^T^Iatcd) 
Li.fTht  scratches,   stains,   carbon and other i-ioposit.s 
throughout chamber and main bore. 
drilled  in   chajnbnr.     One at   l/t.37" 

Twg pie'/,o  gagg bfllQS 
Xrom rear  face of tube 

JiLU  ISi   the   10:00 o'clock area and  one at  ^CLS"   frnn   (Ml) 
in  the 2:30 o'clock area.    Light erosion and  scornng 
encirclinp; both hole 

at 28 "■ bore.    One 
Two piczo  ^a,c;e holes  drilled  in 

from     (RET)  in  the  2:30 o'clock area. 
Mouerate to  lic;ht heat checkinr:.   erosion and   scoring 

—  "—— - ■ -■   . .i J '-^.—--■■■•;——-   -     •--•-•w . ^-wrj 

encrclanR piezo na/re holes in bore, more nronouncoc! on 
forward  cd^e.    Moderate to  li^rht heat checkinf: encirclinr 
non-rifled nortion of forcing cone and extending for./arfl   " ... .-, ■•W^.II.J.       v^.. ^ i.i -^ J..1   [   i i I -^      ill.  \JJ.   ■"■,~1   \ 

to 80"  in  the grooves and  to  105"  on  the lands   from   (Kn) 
Any  further heat chcckin,": obscured  by carbon deposit.-5 
Moderate to  light erosion and li^ht longitudinal scoring 
encirclinp forcim; cone with  scoring extending  fbrward  to 
35"  and  erosion  extending   forward  to 70"   froir,   (RKT)„    Edfre; 

0 
0 
-9 

1% in 
3 
m 

C 
tJ o 

aj 

c 
•r-(     <> 

o 
o 
0) 
-p rt 

r 

of lands rounded throughout eroued  are^Vith driving eape 
rounded   as   far   forward  as   100"   from   (RP"t).    Moderate  to 
.heavy ^rosipn and   scoring  encirclinr  bore  evacuator hoifp, 
more  nrnnounced  on   forward   ed^es.     Appea^encps oi at:k 
jatlema in  two  gixiffltgg adjacent  to  thP 9:0Q o'clock hnl n, 

area  between   153"   and  201"   fromCRiT).     D^na^en  con 
lands   being  strinned  and   flattened.     Tube  contain: 
scoring and  abrasive wear on lands and in  th 

moderate 
e  groove 

between  60"   fro:ii   (i;FT)  and  the muzzle,     Light  coonerin,^ 
bore  between  ori ^in of rifling  and  Ur)"   from   (H.FT). 

:.n 

Nfl   nhnfogranhs  or  impressions   taken   ^t.   this   f.^o. 

Tphe ckclared "HA7,.udion.s"d11p to o^n.-mn ^ 
"t.pnci 1   and   handle in accordence wj t'f 

bom 
JLlQz 

STEAP-MT Form 181,  7 Dec 71       (REPLACES STEAP-DS FORM 181,  17 JUN  64, VTrilCH MAY BE USED) 

41 



STEAP-MT  Form  106C,   1  Aug   75     (Replaces   STEAP-MT  Form  106,   7  Dec   71  which raay  be  used) 

42 
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i-"? 

msm tdmtmrr 
TOTAL   LEMGTM   OF   GUN 218.50" ROTATION OF TUBE AT BREECH 

^ 

Da 

TOTAk   LEN5TH   OF   TUBE 210.50" UOVE«ENT OF TUSC AT SSEECH 

OCFTH OF BREECH RECESS 8.00" HUUBER   OF   LANDS   AMD   (iROOVES 28 

Inspection Remarks;    Areas from 18.50" to 21.75"  and 2A,17 to 2J.-.%.;' v-'fn:; 
not msasured.  

B zA~ r>rcL.s,coy(Zr\ •   no    a^^rja^yg. rv^M 

£ C3 m r^^ m   inEg smg   nj?ff 

1S B^(z^r.^y i n g    S ^ A    j 0   r\ (I a ^^ 

aWo^   S ) 
^VcK" ^TgLE 

STAMPED 

RODMAN sms tAt 

STARJiUGED-MD   INSP8CTED  BY 

TIME + 
.J 

REVIEWED  BY 

COMPILATO.'? 

RECORDER CJ aVH —^—^n'IiT7TrrN■l)J-«,^ri 3 ■     i i^*"^ 

GRAPHED  BY 
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•                                          105 KM Tube M68 
CHAMBER 

(EAR  FACE 

)F  IKEECK 

■• ^^ 1 

MUZZLE 

FACE 

-my- 
•EAR  FACE 

OF  TUSE 
BASIC 

OIAUETER 
ZERO 

9 

u«uiit   »t»JUlltHtllT5   INDICATED   IN 1/1000  tf   A)(   U'CII 

GAUGE 

•EADIX9 
ACTUAL 

OlAHETEIi 
DIFFERENCE 

SAUCE 
READINd 

ACTUAL 
DIAII£T£: 

9l?fMJ«S 

32,05 186.11* 2ii,05 h.Ul6 x / 

U.QO 187.50 23.00 Ii.li27 \ s 

10.00 188.50 22,00 I4.1l37 \ s' 

2?.85 188,65 21.85 !iiiti9 1 \ A 
! \ s 

26.hO 192.10 18.LO 11.977 \k / 
26.00 192.50 18.00 k.985 s. s 
2I1.OO 19U.S0 16.00 5.025 \ / 
22.00 196.50 Hi.00 ,?.065 \ / 
20.00 198.50 12.00 5.105 \ X 
18.00 200.50 10.00 5,Di5 / \ 
16.00 202.50 6tf0, 5.185 S          \ 
Hi.00 20li.50 6.100 5.225 /                  \ 
12.00 206.50 k.OO 5.265 / X 
10.00 208.50 2.00 5.105 s \ 

9.00 209.50 1.00 5.325 s X 
8.50 210.50 .50 5.115 s \ 
8.25 210.25 .25 5.U.i0 s. X 
8.10 _2iaJiQ_ .10 5.1i.l s \. 

/  1 N 
I                                                            SOCIAL WSAiyiMm          -   - 

- TOTAl.   LEMGTM   OF   GUN 

5»5IC ACTUAL 

ROTATION   OF   TUSE   AT   OREECN 

CJSIC ACTUAL 

218.50" 
TOTAl   LEKGTH   OF   TUBE 210.50" MOVEMENT   OF   TUBE   AT   BREECH 

OEFTH   OF   8«EECK   RECESS 8.00" NUHBCR   OF   LANDS   AND   GROOVES 23 

Inspection Remarks:     Areas from  18,50"  to 21,75"  and 2i.,17 to 2U.9U' war 3 
not measirred. 

tSoRESCjoPHt) l      HO    A.PPRTiai^e,! ^     CHAf/CF    1M   acR& OF: 

1   TOSE      ?>IMX1F      LAST     IM^P^O.-riONi   t!i^-CEr>    ISA.OG..- ?e 
1 

AFTUR    yzo   Rds . 

I 
1 

STAGED STAROTTOgEQ^WiO. JStSflGTED  BY REVIEWED  BY 

►RODMAN           V      w^_ ,    .     1) TIME COMPILATOR 

REC0R0ER ^.^cto^h^a ^E:B^R.-B GRAPHED EY                                                    , 
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P/tfe / o* 3. 

35 fM Tube,  M6fl   

 larij Hor.       Vflrt. Hor. 
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fnte x ofi 3- 

1 
..   ,                                             10^ KM Tiihn HaS8 ?^   ,. 0IST4HCE f/ncfm, FROM/ GAUGE   MEASUSUMUTS   i OICATEO   IM   1/lOBO  OF   A!   IliCH 

■ REAR  fACE 
If  (AEECH 

MUZZLE 
FACE 

V 
REAR  FACE 

Of  TUBE 
BASIC 

OIAUETER 
ZERO 

• 

h 
* 

i         ■ wnm  i rMv^rr I'                ; 
SAU3E 

AEADIA'a 
ACTUAL 

OIAHETE;: CIFFERENCE sAuat 
REAOIMS OlAiiLT.:'.  ■•'■■'- >, 

32,0$ 186.U5 2^.05 14,1*16 -h.on H-.H-n +, OO I +.on '{-.Hl'J •f. Ooj 
n.oo 3.87.5Q 23.00 luh27 3D ■ H-30 3 • 030 ■ H30 3 
30.00 ies.So 22.00 h.h37 *0 ,*+H-Q 3 . OH-Q ■ y-H-o 3 
2?.M 188,65 2;,B? h.li3fl +■0*1 ^-.«M*i •to 0 3 +• OH-l l+.HlJI n1: 0 03 

26. hO 192.10 18.hO li.977 -.oaa f.9$0 y-. 003 **,nXCi 'r.lSo •)-. oo ^ 
26.00 192.50 _18^2Q_ li.995 ./»// . 9?f f ■ n J i ■ 9 »-? .tt 
211.00 19U.50 16.00 5.025 +.oa« 3'. OX? J -r. on i.O?.? ^ 
22.00 196.50 lh.00 5.065 .o^^ . 0A2 3 .061 • 061 ,., 

20.00 198.50 12.00 5.105 .yo? . s 07 2. . 101 • /O" r, 

18.00 200.50 10.00 3 • -LUJj> . / ^7 . /V7 X - IH-1 ■ /H'l •L 
16.00 202.93 SrfW 5,185,, ./8% ./%$ 3 , isi .IV. 7> ■? 
Ui.OO 20li.50 6.100 5.225 .xa^ . xzi ** , 2.2.2 . X 2. B "r7   ■ 

12.00 206.50 L.oo 5.265 .^7C? ,9.76 ri .7^9 ■ ZZI 
10.00 208.50 2.00 5.305 .3o? .309 Y   !   .^09 •"09 ^ 
9.00 209.50 1.00 5.-325 , 3^^ .3A« _3 .3Z% • 3-7. S 
Q.^O 210.50 .50 5.^5 .33Z .338 3 .Z32 \ .!?-?ar 
8.25 210,25 .25 5.3li 0 

1_ 
. 3^3 .3f3 3 !   . 3*3 1   • 'f^ 2 

O.IO 210.hO .10 5.^i +.3V-S r.ivts- •jt.doa  +, 3^6' ! ,r.3M-.<r -J;-,F', s> .C;. 

  

- T0T4L   LEMOTK  Of   GUK 

BJSIC ACTUAL 
^UKHUTJ    ' -- 

6i:.ic ACTUAL 

218.50" ROTATIOH   OF   TUBE   AT   BREECH   

TOTAk   1.EHSTH   OF   TUBE 210,. 50" , vo.so" U9VEMEKT  OF   TUBE   AT   BREECK   j,  

OEfTM  OF  BREECK   RECESS 8.00" KUUBER  OF   LAKOS   AMD  OnOOVES 23 X is 

Inspection Remarks:    Areas fron 18.50" to ?1,75"  and 2LA1 to 2L.9i^ rfeT'o 
not measured. 
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'A 
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01 
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■INSPECCrON REMAPS 

(PT-ICP 750-11 
iiOi^J'.r.COFl.U:   (Not  chrome   .Uated) 

Mrht.   y.cn.tchv.r.,   nt.^inr;.   carbon 
tiiron'-pniit,  ch.;j:ii)cr ...nd main  bore. 

nn   gtjjpT'  cr HI 

nriilpil   in   clvinbcr.     One at   la.'-)?" 
Im ■ C'i^J 3-Li. 

LEiU the   10: (jO o| gjjSmk 
ron  r 

u 
+J 

in     -J 
3  
4J 
It 

hi O 

O 

o 
<D 

a a 

in the 2:'}0 o'clock ar 
AES li. (.A.^ 

bi-ht. er 
'■■ncircli n^  rot'.  hoTcs.    Two nic/.o 

-mn 
''IO' ' r d f'i ] 'I' 

bor^:. Unu  at 2;-;11 from QtFT) in thr V);l.o nio] - c t 
am one dt 3B" from (kFTj m h 2:30 o1 c]cck arc; 
Mocir:?',-it.o to lirht. heat checking 
encircJinr niezo gaffg hole:, in  ton 

erosion seen i 
■norc!  nronuiinci 

fonvarfi  edge,     i^oderute   to  "ipht heat ecr in em 
non-ri fled   portion  of  forcing  cone  and  c.x11; 
to BO"  in  the,   grooves anc;   to   110"  on  the la 

IT 

) ,. 
/in-    further heat  checking obscured   by  carbon  (u.ror.il 
'loderate to  lifrht erosion ana  jlrht longiti^lj niil   yep 

con! eil£J rcl j nr   forci w A] 
'-i'i"   anri   eronion   e:<tendirv-   forward   to  70' 
of Xaaiia   round,-q   throur^'out eroded 

J. 
area, vn j h  on vinP C1?R 

nded   ;is   far   fo^wurd   as   11 S" ■ from   CR!"-'r) 'odrT'1 ♦,r- ■   + o 
ifl   ?jnr!   pcorin'-'  encirc'linf  JTQUS  '' 

-m'-o   "rnn.'unt;f--d   on   forward   edf 
ffvrw,-ri -M' bM.:(i f>'c1oCr bore evacu 
agj^Qgfj b'M.wpen l-/ire ev-.c^ato'" '■o"1 

•j^nearcnciig of 

•or  hnii 

crack 
'>'e  '-hi-'O' o'clock  ro'1) 

Salterns  in  two  froove:;  ao- 
Tube contains dan.ia<--p  to  b 

tils   11:0Q 'Oc.lock area  he+weon   153"ani: 
Uaoaaea  "onsir-t   of  lands  bei n 
rinlie  contains mooorate 

ein1'  strJ.^'Te'i.   ino   f! ■.L f enr-d , 
rinr;  and   abrar-ive \a ar  on   lano..    ] 

and  in   the  groovea  betv/een 60"   fro.n   j]-}"")   ana 
Ti^ht  connerin^ in bore  between orifriri of rif'i inf 
A.')" from   (H.n-)T 

Mo phntopraohs or imnresGions taken at  tid 

Tube  declared   ;'Hn/bAR]j0llS"aue  to  can-- 
r.tf^ncii.   and   handlo  in  accordence wj 'n  i-. .i-.-. 

STEAP-MT Form 181,  ?  Dec 71       (REPLACES STEAP-DS FORM 181,  1? JUN  6h,  WHICH KAY BE USED) 
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fA4€   %   O* 3. 

Inspection Remarks;    Areas from 18.50" to 21.75" and 2/1.17 to 24,%" were 
not measured. 

ttgt gtgg^aJ 
RODMAN 

RECORDER 

D.T-eo&i^ 
CSOJ^ 

STiflGAUGED  MO   INSPECTED BY STUGAUGEO  MO   INSP 

TIME    W" *■'      '^ 

PLACE ^3s- 

REVIEWED BY 

COMPILATOR 

GRAPHED  BY 
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en 

Pa^e 3 of 3 
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to 
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CO 
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INSPECTION REMARKS 
(PT-IOP 756IlT 

RORKSCOPKIJ:   (Not chrome plated). 
I/i pht scratches,   stains,   carbon,   and  other depositn 

t.hrnil^hont  chamber and main  bore.    TVo piezo  gangs bolea 
rir-illpf)   through  chamber wallf  one  14"   from  rea->~  fpr.p. of 
tube  (BFT)  in the  1Q;0Q o'clock area and one 20.S"   from 
(RFTl  in  the 2:30 o'clock area.    Light erosion and   agflSJOg 
encircling both holes.    Two  nieso   gai^gs hole? dr-illori   t.hr- 
mmh  tnhP wall,,  one 28"   from  (HFT)   in  the   10:00 o'clock 
area and one 38"  from / (RFT) 

1— ■■-■■■■^■■■■■■■■■^■■■P      ■■      ^ —■■■ 

in the 2:30 o'clock area. 
Moderate to  light heat checking,   erosion,   and  scoring ,1'  1   —  

encircling piezo gau^e holes in bore, more pronounced on 
forward edges.    Moderate to  li^ht heat checking encircling 
centering cylinder beginning 23.50"  from rear face of tube 
and  extending forvmrd into main bore to 80"   from (RFT)  in 
the pTooves and  to  110" on the lands.    Anv further heat 
checkinrr obscured  bv carton denosits.    Moderate  to  light. 
erosion  encircling  forcing cone am  extending  fop-/a-"d   tn 
■78"   fmm   (HFT) .—Li^ht longitudinal   scoring on   lands and 
in grnnves between  forcing cone and ^S"   from  CEE3JL    EdgBa 
nf Ifinris  are rounded   thrnnghout  eroded   aCSfl  with  driving 
edges  rmmded   as   far   forward   as   119'   from   (HFTl.     Moderate 
to heavy erosion and  scoring encirclAng bore evacuator 
holes,  more pronounced  on  forward  edges.     Driving ed^e of 
land   forward of 6:00 o'clock bore evacuator hole nicked and 
and   scraped   between  bore  evacuator hole  and   130"   from   (RFT) 
Tube contains damage to  18 lands  between  1 S3"  and  201"   from 
(RFT').    Damages consist of lands being stripped  and  flatt- 
ened ■ Tube contains moderate  scoring and  abrasive w^ar on ■ ■   n    ,    T Till   ir-TM-.T       T — If «1   TT y IT -, ^   -^ .       ^       y. ^ ~ ^. ■,    ^-..-t.   ^  ^        .. -     ■*, 

lands and   in   grooves  between 60"   from  (RFT)   and muzzle. 
Light coppering in bore between origin of rifling and 45" 
from (RFT).  

flP Photographs or impressions taken at this time- 

Tube  declared   "HAyARDOHS"   duR   to   riamagp   in   horP. 
TuhP   dPclared   "nMSFRVTOFAmK"   riuP   to   roMnri^   in   wre*^ 
of E.F.C.  limit of 1000.  
Stencil  and handle in accordance with M.P.750-1. 
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